Environmental noise pollution generated from industrial and transport activities in Ghana have received considerable attention from regulators and policy makers. However, rising noise levels in residential settings have received little attention. This study measured ambient noise levels in four halls of residence in the University of Cape Coast, Ghana to ascertain compliance with permissible limits and determine the peak period of the noise generated. Questionnaires were also used to evaluate the possible non-auditory noise effects. The results indicate that noise generated within the functional units ranged from 30dB to 70dB. The same-sex halls (Adeyhe and Casford) were within the day and night permissible noise limits (55dB and 50dB respectively) set by the Ghana Environmental Protection Agency. However, the Oguaa and Valco Halls (mixed halls) were non-compliant. Adehye Hall recorded the lowest for both day (49dB) and night (45dB). Valco Hall recorded the highest noise level for both day and night: 66dB and 60dB respectively. Oguaa Hall, the largest on campus, had 60dB and 55dB for day and night. Casford Hall, the only male hall recorded 54dB and 48dB respectively for day and night readings. This was unexpected as most students considered Casford to be noisy. Most of the participants complained that the noise affects their studies and sleep in the halls. Surprisingly, majority of the students (73%) were not of the view that reducing noise levels could potentially make the halls more habitable. Association between halls of residence and annoyance levels was investigated. The P-Value (0.180) was greater than the alpha value (0.05). Consequently we failed to reject the null hypothesis and concluded that, there is no association between the halls of residence and level of irritation of students in the halls.
Introduction
Noise pollution has become problematic yet an unnoticed form of pollution in most developing countries including Ghana. Due to industrialization and urbanization, noise pollution has gained attention and as an environmental hazard rated third to air and water pollution (Khilman, 2004; Singh & Daver, 2004) . The harmful effects of noise on human health and development have been underestimated for a relatively long time. Apart from the discomfort and irritation, noise pollution can cause harm depending on its intensity, duration and frequency. Stansfeld and Crombie, (2011) and Kempen et al., (2006) reported that there is an association among environmental noise exposure and hypertension and ischemic heart disease. Exposure to acute noise influences the body`s compensatory mechanics to stress (Maschke et al., 2000; Babisch, 2002) , causes increased blood pressure and vasoconstriction (Berglund et al., 2000) , contributes to heart attack, learning disabilities and tinnitus (Moszynski,2011) and its effect on physiological functions in humans can be temporal or permanent (Lercher et al., 1993; Babisch et al., 2005a ). As we grow older, our hearing often declines due to several factors. The loss of hearing results from occasional infections in the inner ear and from the natural aging of the sound receptors (Chiras, 2001) . Persistent loud noise can cause premature degeneration of the sensory cells inside the ear leading to deafness. According to one estimate, one in every ten to twenty people suffers some hearing loss from anthropogenic noise (Chiras, 2001) . The need for studies regarding urban noise pollution and its consequences on the environment has motivated various researches on the problem in several countries (Armah et al. 2010; Ugwuanyi et al., 2005; Zeid et al., 2000; Zheng et al., 1996) . Although noise pollution is attracting attention of policy makers, not much consideration has been given to noise produced from educational institutions like the universities where some students resort to noise-making in their bid to reduce stress from academic pressure. The Ghana Environmental Protection Agency (GEPA) has intensified public education on noise pollution particularly in secondary and tertiary institutions. This educational campaign was motivated by the realization that most students were unaware of noise exposure and its associated health hazards as well as regulation governing noise pollution. The present study is essential as it is critical to the implementation of more practical noise assessment and monitoring activities on university campuses.
The following objectives were formulated to guide the study:
1. To measure the noise levels in selected halls of residence in the University of Cape Coast (UCC) and ascertain which halls are in compliance.
2. To carry out source apportionment for the noise generated in the halls of residence and determine the peak period of the noise generated.
3. To determine whether there is association between noise levels and irritation of students across the halls of residence.
Materials and Methods

Study area
The study was conducted in the halls of residence on UCC campus. The university has six (6) halls of residence ( fig. 1) 
Data collection and Analysis
A sound level meter (Philip harris sensor meter) together with structured questionnaire was used for data collection. The location of each hall was determined by means of a global positioning system [GPS] ( Etrex -Garmin ). 150 students were interviewed and based on the number of students in each hall, a specific number of the questionnaires were administered as follows: Adehye (21), Casford (32), Oguaa (39) and Valco (58). Questionnaires were checked whether they were properly completed and also for internal consistency at the close of each day. Besides demographic information, the questionnaire also included questions on possible non-auditory noise effects (noise annoyance from different sources, interference with various activities and sleep disturbance). A five point likert scale was used and internal reliability was assessed with the Cronbach alpha. Students were selected at random from the various floors of the hall with the view of getting information from every area of each hall and the questionnaires were completed by resident students. The results obtained were analysed using version 16 of Statistical Package for Social Sciences (SPSS).
A 24 hr noise measurement was conducted for a period of two months; from the month of February (1 st ) to the month of March (26 th ) for the four halls. The instrument was mounted at a standard height 160cm at the various locations and the noise level measurements were taken. Measurements were made at the various Junior Conference Rooms (JCR), various floors of the halls, porters' lodges and hawking centres inside the halls where noise generated through conversations, arguments, music, shouting, banging of doors, dawn prayers and preaching, among others were recorded. A-weighted instantaneous sound pressure level (L Ai ) measurements were recorded. For each location, two noise level measurements were taken on different days. During each day`s measurement three replicates were taken and the average noise level computed. All measurements were done in accordance with the time specifications of the Ghana EPA (Table 1 ). The first measurements were for the day readings and these were taken between the hours of 06.00-22.00. Morning readings were carried out at 07.00-13.00, afternoon readings were carried out at 13.00-19.00 hours and the evening readings were carried out between the hours of 19.00-22.00. The second readings were carried out for the night measurements which took place between 22.00-06.00 hours. Two measurements were taken; between the hours of 22.00-01.00 and 04.00-06.00. The noise measurements were carried out for eight weeks.
Results
Noise levels in the various halls of residence
The assesssment of noise levels in the halls of residence of the University of Cape Coast has shown that Oguaa and Valco were acoustically polluted. The average sound levels measured in these halls: Oguaa, L day = 60 decibels (dB) and L night = 55 dB; Valco, L day and L night = 66 dB and 60 dB respectively -were well above the limits set for an educational facility like a university by the Ghana Environmental Protection Agency. For Adehye and Casford, noise levels were within the permissible limits. Adehye recorded 49 dB and 45 dB as day and night readings respectively while Casford`s measurements were 54 dB for the day and 48 dB for the night readings (fig 2) . About 55.7% of the students considered most of the sound from the halls as noise and 44.3% disagreed.
Sources of noise in the various halls of residence
From the students responses (Table 2) , the major sources of noise in the selected halls of residence were arguments, followed by music. Adehye, Casford and Valco had their main source of noise being generated through arguments. On the other hand, music was the main source of noise in Oguaa hall. However, results from the measurement of noise levels (dB) from the various sources in the halls (Table 3) showed that 'morale' (students gathering to chant songs to entertain themselves) generated the most noise for Oguaa, Casford and Valco whereas dawn prayers and preaching was the source of highest level of noise for Adehye hall. Only 12 respondents indicated that dawn prayers and preaching was a major source of noise but surprisingly the measured noise levels for dawn prayers and preaching in all the halls exceeded the Ghana EPA recommended levels.
Perceptions of students on noise levels in the halls of residence
The students perceptions about noise were mixed and sometimes weird. The reason given by those who felt irritated by the noise (66.67%) was that it disturbs their sleep and studies and for those who did not feel irritated by the noise it serves as a source of entertainment in the hall. Interestingly, some respondents indicated that noise reduces stress and tension from academic pressure. About 56% of respondents were mostly irritated by noise in the evening and 22% felt mostly irritated by the noise at night. Again, 14% were irritated by the noise in the afternoon and 8% in the morning. Majority of the respondents (72%) were of the view that noise in the halls should not be completely stopped. Ten students (6.67%) out of the 150 interviewed had reported high noise levels to the university authorities, 94 of them (62.67%) did not find it expedient to report and 45 students had other reasons for this. Majority of the respondents (57.7%) were aware that Ghana EPA is responsible for enforcing regulations on noise levels, however, none of them had ever complained to the Ghana EPA about excessive noise levels.
Association between noise levels and student irritation across halls
The Chi-square test analysis on the association between noise levels and students irritation across halls (Table 4 ), shows that the P-Value (0.180) is greater than the alpha value (0.05) [ Table 5 ], therefore we fail to reject the null hypothesis and conclude that, there is no association between the halls of residence of the students and their level of irritation by noise in the halls.
Discussion
Levels and distribution of noise produced in the halls of residence
Noise generated within the functional units ranged from 30dB to 70dB, with Adehye recording the lowest for both day (49dB) and night (45dB). On the other hand, Valco recorded the highest noise level for both day and night and these were 66dB and 60dB respectively. Oguaa had the second highest recording of 60dB for the day's readings and 55dB for the night. Casford, the only male hall recorded 54dB and 48dB respectively for day and night readings. It is not surprising that the only female hall recorded the lowest noise level for both day and night for the entire study. Most of the students residing in the hall agreed that most of the sound generated within is not noise. Most of the noise was generated early in the mornings between the hours of 6.00-7.00 when the ladies were preparing to go for lectures and this short period of time was insignificant to increase the general noise level for the day.
Among the sources of noise in the various halls, 'morale' generated the highest level of noise of 94dB and 90dB in Casford and Valco halls respectively. This source of noise was however, not frequent. Valco had music to be the most frequent source of noise and Adehye had its main source of noise to be conversation (57dB). Valco hall recorded the highest noise levels during the study for both day and night. This could be attributed to the fact that it has the highest total number of students among the halls selected for this study. For this reason, a lot of different noise sources such as music, arguments, among others with different frequencies were generated within this hall. Moreover, it has a quadrangle where as the noise echoes; much of the noise is trapped within rather than escape. This supports the notion that architectural design and structure of buildings influence noise retention. Furthermore, most of the students in this hall agreed to the fact that much of the sound produced within the hall could be classified as noise.
A surprising result of this study relates to Casley Hayford hall (the only male hall) which produced noise levels within the Ghana EPA permissible limit. This hall used to be noted for excessive noise making and unruly behaviour of some of the residents over the past years. This situation prompted the university administration to place ban on demonstrations, rallies and assemblies and this may account for the acceptable level of noise generated. Although Oguaa hall is the largest hall on campus, it was not the hall that produced the loudest noise; nevertheless, its noise measurements were still above the permissible limits. This could be due to the fact that the structural design of this hall is not amenable to noise retention such that eventually most of the noise generated is dissipated. Much of the music, which was a major source of noise in this hall, was coming from nearby restaurant and shopping centres so the echoes were not that intense to cause a significant change in the level of noise in the hall. Noise levels measured from dawn prayers and preaching in all the halls exceeded the Ghana EPA limit but only 12 respondents (8%) indicated this as a major source of noise. Most of the students belong to various religious groupings and this observation could probably be due how the students perceive prayers and preaching as a sacred activity and are not prepared to comment on it.
Day and time with loudest noise
All the halls recorded higher noise levels during the day than night. The day's readings were taken between the hours of 7.00-23.00 and this is the time that most of the students' activities are carried out. Some of such activities are: preparation to lectures, watching a football match (which most at times resulted in strong arguments), entertainment through playing and dancing to music, and banging of doors, among others. During the night where readings were taken between the hours of 23.00-6.00, most students were asleep and so less noise was generated. The noise produced in all the halls during this time were from the students' cadet call and dawn prayers and preaching of the gospel. Although these sources of noise recorded as high as 84dB and 70dB respectively, they were not frequent and occurred within a relatively shorter period of time. Moreover, the days that the noise levels were high were Fridays and Saturdays. This could be attributed to the fact that during these days, students attend less or no lectures and are mostly engaged in different activities leading to noise generation. About 66.67% of the residents felt irritated by the noise in the various halls. The reasons given by those who felt irritated by the noise included disturbance of sleep and studies. Reading, problem solving and memorization are among cognitive effects most strongly affected by noise (WHO, 1999) . Also, the critical effects of noise in places used for both dwelling and studies include sleep disturbance, speech interference, disturbance of information extraction and annoyance (Lisa Goines and Louis Hagler, 2007; Hobson, 1989) . For those who did not feel irritated by the noise, they indicated that the noise enlivens the hall as it serves as a source of entertainment; and reduces stress and tension from quizzes. This perception however, contradicts the findings of Chiras (2001) who established that noise can cause fatigue, restlessness and tension. Again, it should be noted that each population has sensitive subpopulation such as individuals impaired by concurrent diseases and other physiological limitations that are at higher risk to noise exposure (Zaidi, 1999) and the vunerability to noise may be due to increased risk based on behaviour (willingly or imposed) and the inability to move away from noxious sources (Brookhouser, 1996; Pediatric committee on environmental health.2003) . Moreover, some residents said they have adapted to the noise levels in the halls but according to Niemann et al. (2006) , prolonged exposure to acute noise may cause susceptible individuals in the population to develop permanent health effects, which can reveal themselves ten to fifteen years after the time of exposure in different functional systems. Noise is a quantifiable environmental exposure that can trigger individual reactions and symptoms (Saadu et al., 1998 ) and even at levels that are not harmful to hearing, noise is perceived subconsciously as a danger signal, even during sleep (Babisch,2005b) .
Efforts taken by residents to reduce the noise generated within the halls
Although more than half of the students agreed on the fact that the noise irritates them, 72% were of the view that noise in the halls should not be stopped totally. This could probably be due to the fact that most sources of noise in the halls are the basis of entertainment for the residents. This partly explains why 62.67% of respondents were unconcerned about the noise produced and only 6.7% had reported to the university authorities. 57.7% of respondents were aware that the Ghana EPA is responsible for enforcing regulations on noise levels, however, none of the individuals who were aware of the EPA's regulatory functions had ever lodged a complaint with the EPA. Generally the control of environmental noise has not been effective due to lack of knowledge about its effect on humans and about dose-response relationships. According to Tsai et al., 2009 , studies and strategies to improve noise control are urgently needed. This confirms the fact that lack of strategies to improve noise control is responsible for the unacceptable noise recorded in the various halls of residence. The provision of effective and meaningful information on noise in any community would ensure good public education, improved legislation and enforcement of regulations (Lisa Goines & Louis Hagler, 2007; Tsai et al., 2009 ).
Conclusion
The study showed that some halls of residence on the University of Cape Coast campus produced noise levels above the permissible ambient noise levels for day and night set by the Ghana EPA. Generally, the same sex halls produced noise within the acceptable limits unlike the halls with both sexes. The major sources of noise were `morale` (students gathering to chant songs to entertain themselves), music and arguments. Noise generated in the halls of residence ranged from 30dB to 70dB. Valco and Oguaa halls were acoustically polluted since their noise levels exceeded the Ghana EPA upper limit by 1-11dB (A). Thus, there is the need to control the level of noise by enforcing regulations and promoting knowledge and awareness on the effects of noise, which will possibly lead to long term commitment to the reduction of noise levels. 
